In the investigation that was performed, the authors studied the structure and properties of lymphocytes' surfaces in patients with chronic lymphoblastic leukemia with application of atomic force microscopy technology. It was stated that development of chronic lymphoblastic leukemia is characterized with circulation of immature forms of lymphocytic series in peripheral bloodstream, for which increase of surface potential by 456% (p<0.05) as compared with control group, is typical. Surface relief of abnormal cells is characterized by abundance of globular structures with reduced height, which endows it with relief view. Stiffness of lymphocytes in patients with lymphoblastic leukemia is reduced by 51.4% (р<0.05) as compared with control group. Revealed peculiarities of morphological and functional properties of abnormal cell clones lead to microcirculatory embarrassment in vessels, which should be considered at providing standard treatment schemes.
, Клочкова Г.Н. 4 [8] . It was shown that in lymphocytes of patients with CLL the number of β 2 -adrenoceptors is lowered, which leads to reduction of adenylate cyclase's stimulation [9] . This leads to development of lymphocytes' resistance to apoptosis and advance of the disease [7] . In connection with the above mentioned, a special topicality belongs to study of structure and function of lymphocytes of patients with CLL, as cellular models, which do not have advanced proliferative capacity, which, however, favor development of cytoplasia lymphoid blood lineage at the account of dysfunction of apoptosis mechanisms.
СТРУКТУРА И СВОЙСТВА ПОВЕРХНОСТИ ЛИМФОЦИТОВ БОЛЬНЫХ ХРОНИЧЕСКИМ ЛИМФОБЛАСТНЫМ ЛЕЙКОЗОМ
The objective of the work is investigation of peculiarities of structural organization and properties of lymphocytes' surfaces in patients with CLL.
Materials and methods of research
Experimental part of the work has been performed on the base of clinical diagnostic laboratory of regional clinical hospital named after St. Ioasaf of city of Belgorod and Department of Ecology, Physiology and Biological Evolution of Belgorod State National Research University.
In experimental part of the work venous blood of patients with CLL (50 persons), who were undergoing medical treatment in hematological department of regional clinical hospital of Belgorod was used. Control was provided by blood of healthy people (50 persons).
Blood was obtained by means of venous puncture. Analysis was performed immediately within 1 hour after sampling. Samples were collected in vacuum tubes Vacuette K3E. Lymphopoietic cells were being egested from the whole blood by means of centrifuging at 1500 rpm during 5 min, with further three-stage washing in RPMI-1640 medium and re-suspending in the same medium. Before performing experiments, cell vitality was assessed. Samples with cell vitality of not less than 98% were used in the experiment.
General and differential blood counts were performed at direct participation of doctorlaboratory assistants of clinical laboratory at Beckman Coulter LH500 automatic hematology analyzer (France, 2010).
Geometric parameters and micro relief of lymphocytes' surface were studied in tapping mode at atomic-force microscope INTEGRA Vita, produced by NT-МDТ (Zelenorgad, 2009). For scanning cantilevers of NSG03 series were used, which had rounded radius of 10 nanometers. Preparation of blood samples for AFM was performed according to method [2] . Fifteen lymphocytes from each sample were scanned. At obtained scans, cells' morphometric parameters were measured and micro relief of cellular surface was analyzed at membrane units with the area of 3.5 x 3.5 µm. Cells' morphometry was performed with the application of program products of Nova (NT-MDT, Russia, 2009).
Elastic properties of lymphocytes were studied in the mode of force spectroscopy. Young's modulus was measured with the usage of modified AFM probe, produced on the base of polymer micro spheres, attached to tipless one of CSG11 series, according to method [1] . Calculations of probe's depth of immersion into the sample, force of pressing probe to the sample and Young's modulus were performed according to commonly known formulas [5, 6] .
Calculation of surface potential (SP) of lymphocytes was performed in Kelvin probe mode.
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Suspended mixture of lymphocytes for measuring surface potential was prepared according to method [3] . Measuring of SP was performed with the usage of cantilever with titanium current conducting coating of NSG03/TiN series (Nanoworld, USA). Fifteen cells were scanned from each sample; processing of obtained scans was performed in Nova program (NT-MDT, Russia). Obtained results were processed by means of variation statistics. Statistical significance was defined with application of t of Student's tests at р<0.05.
Results of the research and their discussion
As a result of performed researches, leukocytosis was determined in patients with chronic leukemia. Thus, the number of patients' leukocytes six fold exceeded indices of healthy persons. In differential blood cell count, shifts towards mononuclear forms were observed. Against the background of sharp increase of lymphocytes' number by 124% (р<0.05), the ratio of granular forms decreased, thus, neutrophils -by 67% (р<0.05), eosinophils -by 61% (р<0.05), basophiles -by 61% (р<0.05), as compared to control ( Table 1) . 
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In peripheral blood of patients with CLL, blastic forms of cells were found (Figure 2) .
Morphometric parameters of lymphocytes of patients with CLL and healthy people are presented in Table 2 .
As it can be seen from Table 2 , diameter, volume and square of the surface of lymphocytes of persons with CLL are larger by 30%, 17% and 50% (р<0.05), respectively, in comparison with sizes of cells in control. Similar tendency was observed for nuclei. In group of patients with CLL a difference in morphometric parameters between lymphocytes and blast-like forms was stated. For the latter ones typical is reduction of height of cells and nuclei by 40% and 60% (р<0.05), respectively, in comparison with cytes, while their volume and square of the surface increased. The number of cavities in lymphocytes' membranes in patients with CLL increased at 122% (р<0.05), their diameter and depth decreased at 67.4% and 46.3% (р<0.05), respectively, as compared with overall dimensions of cavities at the surface of cells in control.
Young's modulus of lymphocytes of patients with CLL decreased by 51.4% (р<0.05), depth of immersion of cantilever increased at 199% (р<0.05) in comparison with control. Charge of cells' surface of patients with CLL increased by 456% (р<0.05), in comparison with control. Changes in stiffness and charge of the surface point at increased ability of cellular surface to resist elastic deformations and their increased ability to adhere in microvascular flow.
Detected lowering of Young's modulus in tumor cells is consistent with literature data. According to parallel researches, made at atomic-force and confocal laser scanning microscopes, a strong connection was detected between lowering of Young's modulus in blood cells in persons with leucosis and content of Factin, concentration of which lowers in cells twice in comparison with normal lymphocytes [4] . Reduction of thickness and content of actin-like structures in lymphocytes of patients with CLL is reflected at peculiarities of morphology and charge of transformed cells' surface. Some researches tend to consider the abundance of morphological formation at stage of neodifferentiated cells with reduced level of intracellular сAMP, and, consequently, change of tension in actinmyosin system [8] , because of which reorganization of cytoskeletal structures is violated. Lowering of Young's modulus of lymphocytes in patients with CLL points at increase of ability of cellular surface to resist elastic deformations and increase of their elastic features.
Conclusion
Thus, chronic lymphoblastic leucosis is one of the types of differentiated lymphoma, which is characterized by slow accumulation of transformed forms of blast-like lymphocytes with increased sizes, changed properties and surface relief, in flow. Lymphoid cells that obtain the ability to avoid apoptosis are characterized with corrugated surface, increased number of globular structures with reduced height. At the same time, surface's stiffness reduces, and charge of cell's surface increases, which points at increased ability of transformed lymphoid cells to deform in microvascular flow and to adhere to vascular wall.
